P edagogy and andragogy are models of education based, respectively, on passive and active learning. This project compared two balanced sections of an undergraduate course in physiology. Both sections used the pedagogical method of didactic lectures to present basic material. Students in section 01 were given multiple-choice examinations, a pedagogical procedure, over the lecture content for the purpose of performance evaluation. In section 02 the lectures were used as an information source, which students combined with other information researched in the library to draft essays on assigned topics, i.e., an andragogical approach.
undergraduate course in physiology. Both sections used the pedagogical method of didactic lectures to present basic material. Students in section 01 were given multiple-choice examinations, a pedagogical procedure, over the lecture content for the purpose of performance evaluation. In section 02 the lectures were used as an information source, which students combined with other information researched in the library to draft essays on assigned topics, i.e., an andragogical approach.
Grading of the essays constituted 75% of a student's performance evaluation, with participation in class discussions making up the remaining 25%. There was no significant difference in overall performance outcome between the two sections (P > 0.47). Students from both sections valued the lectures, even though they served a different purpose in each section. However, overall the student rating of section 02 was significantly higher than that of section 01 (P I 0.05). This reflected different teaching methods rather than different teachers, because the ratings of the two instructors were virtually identical (P > 0.98). These results suggest that a combined pedagogical and andragogical approach is an acceptable model for teaching introductory physiology.
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As originally used, the term andragogy implied the art and science of helping adults learn, whereas pedagogy pertained to the art and science of teaching children (7) . However, in considering the whole scope of learning, Knowles The description of the course in the University catalog was the same for each section: "An introductory survey course in basic human physiology." No indication was made as to how the two courses were to be taught. However, the nature of each section (described below) was explained to the students on the 1st day of class, and they were given the opportunity to switch sections. Less than 10 students, of a total of 148, selected this option, and there was no net gain or loss for either section. Center was given to the students in section 02 with encouragement to use this service. However, it was stressed that this was optional and that use of the Writing Center was to be at the student's discretion.
There were a total of seven mandatory and four optional essays. Students were required to submit the mandatory essays for instructor evaluation, whereas the optional essays were used for the purpose of extra credit (see Performance evaluations).
Five of the mandatory and all of the optional essays were problems applicable to material presented in lecture, whereas the remaining two mandatory essays required the students to write a synopsis of material that was not presented in class, the gastro- Note that in the above example students were given references to get them started in the process of library research.
The two essay topics on the GI system read as follows: 
EDUCATIONAL E X P E R I M E N T S
The class was given 2 weeks to write up and hand in the problem-oriented mandatory essays and 3 weeks to complete collectively the essays on the GI system. The optional essays could be handed in anytime during the course of the semester. There were no specific requirements as to length of the essays, but guidelines of two to five pages were given, depending on the nature of the topic. Students were encouraged to discuss the essay topics among themselves (some formed study groups for this purpose) and to do library research before writing a given essay. However, the essays themselves had to be individual efforts. The students were further instructed that all referenced material had to be cited at the end of the essay, but they could use any citation format they chose (examples of several styles were given).
The instructor of section 02 evaluated the essays and provided feedback primarily in the form of written comments.
In addition, the mandatory essays were briefly discussed with the class as a whole when they were returned to the students. http://advan.physiology.org/ Downloaded from EDUCATIONAL E X P E R I M E N T S situations in which the class performed an activity, such as completing a graph, students signed their work sheets, and their participation was recorded as a voluntary response. However, because these were subsequently discussed with the class, any misconceptions a student may have had about the material were addressed.
The instructor's responsibility in the class performance process was to buffer the aggressive students' tendency to dominate and to encourage the shy students. Both of these tasks were performed to a very limited extent so as to allow internal motivation, a central tenet of andragogy, to come to the fore. However, for those students who were not responding, a pedagogical approach was taken in which they were reminded in private and advised as to the possible consequences of this behavior on their course grade.
A grade for the class participation component of the course was determined from a class distribution of the number of voluntary responses. This distribution was translated into a grade distribution ranging from 0 (E) to 4.5 (A+) and then incorporated with the essay grade to arrive at a course grade, as: Course Grade = 0.75 (Essay Grade) + 0.25 (Participation Grade).
Student evaluation of the course and instructors. At the end of the semester, the students were given separate forms for their evaluation of the course and the instructors. These were standardized documents prepared by the Office of Medical Education in the College of Medicine at the University of Kentucky. These documents contained questions relating to the student's overall rating of the course and the instructor, each on a scale of 1 (poor) to 4 (excellent).
Data analysis. Unpaired t-tests were used when values of a single variable were compared between the two sections, whereas paired t-tests were used when two treatments of a given variable were compared within a section. A one-way analysis of variance (ANOVA) was used to compare statistically more than two treatments of a given variable between the sections, whereas a repeated-measures ANOVA was used when multiple treatments within a section were analyzed. The F ratio was used to determine overall significance with the ANOVA tests, and if significance was found, then the Fisher least significant difference test was used to determine which means were significantly different. In all tests the 0.05 probability level was used to indicate significance.
RESULTS
Class profiles. Table 1 presents the profiles of the two sections of the PGY 206 class. Other than there being more students in section 01, the two sections were well balanced. The second column (year postmatriculation) shows that section 02 had a broader distribution of lst-, 2nd-, 3rd-, and 4th-year students, as indicated by the larger SD, but overall the average number of years in college was statistically the same for both sections (P > 0.84). The last four columns of Table 1 show that the distribution of students with regard to degree programs was similar between the two sections. Note that both sections were dominated by students in pre-health care profession programs. Students in these programs are in 4-year tracks within the College of Arts and Sciences leading to BA or BS degrees in natural sciences, social studies, or humanities. The prehealth care programs ensure that the students obtain the necessary prerequisites for admission into the degree program of their choice. Some health care programs, e.g., physical therapy, can be entered after 2 years of undergraduate courses, whereas others, e.g., medicine, require a full 4 years of undergraduate studies. Because we were not always able to determine which particular pre-health care program a student was in, programs were pooled into one category.
Performance evaluations. Table 2 summarizes the performance evaluations for both sections. The average cumulative examination score for section 01 and the average total point score for section 02 were not significantly different when expressed as percentage of maximum (P > 0.47).
The two methods of evaluation used in section 02, essays and class performance, were reasonably well correlated (r = 0.713, and differences were not significant (P > 0.30). The class average for the essays included both the mandatory and optional papers. However, because only 21 students turned in a collective total of 29 optional essays for evaluation, of a possible total of 232 (4 optional essays x 58 students), inclusion of the optional essays did not have a significant effect on the overall class average (3.41 without vs. 3.45 with optional essays included). Furthermore, the optional essays had very little effect on the essay grades of the 21 students who turned them in for evaluation (3.40 without vs. 3.46 with optional essays included), and the difference for any one student was not sufficient to improve his/her overall course grade.
The information presented in Table 3 lists the average class scores for the seven mandatory essays, along with the subject matter of each essay in the order in which they were assigned during the semester. The essays dealing with homeostasis and the cardiovascular system were significantly below the mean of all essays combined (P < 0.05).
Student evaluation of the course and instructors. The results of this analysis are presented in Table 4 . The student ratings of the instructors for sections 01 and 02 were similar. The course itself 
Evaluation
of the students in section 02 was based on the andragogical activities of essays and participation in classroom discussions. The observation that these two components were reasonably well correlated (r = 0.713) suggests that students who do well in learning material on their own outside of class are also comfortable with Socratic dialogue in a classroom setting.
Conversely, noticing students who tend to be shy in class could make it possible for an instructor to identify those who may need extra guidance in outside assignments.
In summary, the results of the present study suggest that an effective model for teaching an introductorylevel course in the basic health sciences would be to provide a framework of teacher-centered lectures from which the students could obtain a base of knowledge in an organized manner. However, instead of memorizing this knowledge for subsequent recall on an examination, a student would integrate it into his/her pool of resources available for more active learning of the subject in a problem-oriented, self-directed manner. Such a procedure is consistent with the suggestion of Knowles (7) that pedagogy and andragogy are not age-specific methods for the respective teaching of children and adults, but rather that they are different educational models, each of which has merit and purpose in all stages of the learning process.
